POLISHING PAD, MANUFACTURING METHOD THEREOF AND POLISHING METHOD FIELD OF
THE INVENTION [0001] The present invention relates to a polishing pad, a manufacturing method
thereof and a polishing method, and in particular relates to a polishing pad in which a large number of
foams are formed by a dry molding method and which has a resin foamed body where opened pores
of the foams are formed at a polishing surface for polishing an object to be polished, a manufacturing
method of the polishing pad and a polishing method using the polishing pad. DESCRIPTION OF THE

RELATED ART [0002pGofsppgavaskis baingurasigd reiey WEMIcbPaiatigmpad for polishing a
material for a semiconductor device, a XT\@L ﬁ;(])srh%ﬁmeo @E@*{bﬁ especially, a surface (work surface)
of a thin-type substrate (object to be pol rate (silicon wafer), a GaAs (gallium
arsenide) substrate, a substrate for glass, hard disk, LCD (liquid crystal display) or the like because
these are required to have flatness. Ip kBe SegrcamMiuciongayigens a degree of integration of

semiconductor circuits increases rapidly, minuteness and multilayer wiring for the purpose of making
density higher are advancing. For this reason, a technolo %y for planarizing a work surface higher

becomes inl¥HEhl. Winge Hﬁ@ﬁ@@ﬁs&%ﬁ%gﬁd@\‘or edates tacs HeedreRiAgePaslghé flatness of
a work surfasnisfraquuned.ngs metﬂmebtﬂiéla&teﬁsdmﬂ:om@mbbu nolistatb@efoameanda such as

polishing a‘ﬁ‘&%ﬂe@?ﬁ%‘h'% Féftﬁ‘één%oétb% ey H@" i’YPr\bh ‘ﬂ:?lth&r P4rge Refiperance
required for qu lishin ecom ﬁf %H())Ré]ém;f)olls %WO polhs in pad havmg aresin
foamedt body T ARIREH e IGUSERE G ichhas &resin
foamed body where opened pores of the foams are formed at a
polishing surface for polishing an object to be polished, a
manufacturing method of the polishing pad and a polishing method
using the polishing pad.

DESCRIPTION OF THE RELATED ART

[0002] Polishing work is being carried out by using a polishing
pad for polishing a material for a semiconductor device, an
electronic part or the like, especially, a surface (work
surface) of a thin-type substrate (object to be polished) such
as a Si substrate (silicon wafer), a GaAs (gallium arsenide)
substrate, a substrate for glass, hard disk, LCD (liquid crystal
display) or the like because these are required to have flatness.
In the semiconductor device, as a degree of integration of
semiconductor circuits increases rapidly, minuteness and
multilayer wiring for the purpose of making density higher are
advancing. For this reason, atechnology for planarizing awork
surface higher becomes important. While, in the glass
substrate for LCD, as a LCD becomes larger, higher flatness of
a work surface is required. As a request of flatness becomes
higher, polishing performance such as polishing accuracy,
polishing efficiency or the like In polishing work, iIn other
words, performance required for a polishing pad becomes higher.

[0003] In polishing work, a polishing pad having a resin foamed
body formed by a wet solidifying method (wet film forming



method) or a dry molding method is used. Normally, in the wet solidifying method, after applying resin
solution in which a resin such as a polyurethane resin or the like is dissolved into water-miscible
organic solvent to a sheet-shaped base material, by replacing the organic solvent with water in
aqueous solidifying liquid, a resin foamed body in which foams are continuously formed is obtained. By
forming opened pores at a polishing surface due to buffing work or the like, polishing liquid (slurry)
including abrasive grains which is supplied at a time of polishing work is released between a polishing
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as polyethysmeudlyedt (P&)sirthg liwerkmethod of adding a hydrophilic additive agent, or the like is
mainly used. [0006] On the other hand, a technology of a polishing pad using a polyurethane
compositio ich does not inclyde a hydrophilic high-molecular weight polyol having an ethylene
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drawback in _that the surface shape fla'gnes%) of the Qbject to be polished is affected. Further, the
technology BRI P G b6 19660 i ERL R R B QLidPHE S AN HEE @ fposition
into which an ionic functional group is introduced. However, there is a drawback in swelling due to
water absorption or in chemical resistance in the same manner as the technology disclosed in JPA
2003-128910. [0008] In view of these circumstances, an object of the present invention is to provide a
polishing pad capable of improving an affinity to polishing liquid and stabilizing polishing performance,
a manufacturing method of the polishing pad and a polishing method using the polishing pad.



[0009] In order to achieve the object, a first aspect of the present invention is a polishing pad in which
a large number of foams are formed by a dry molding method and which has a resin foamed body
where opened pores of the foams are formed at a polishing surface for polishing an object to be
polished, wherein communication holes are formed between the foams formed adjacently to each
other at the resin foamed body, and wherein the communication holes are formed at a ratio of 800
holes4cm?2 or more per unit area when observed from a side of the polishing surface. [0010] In the first
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polishing pad to polishing liquid 1s improved by enhancing
hydrophilicity of the polishing pad to secure the supplying and
retaining properties to polishing liquid. Accordingly, a
polishing rate 1is enhanced and polishing performance 1is
stabilized. Further, as a method for 1Improving the
hydrophilicity of a polishing pad, a method of making a
hydrophilic material coexisted such as a method of jointly using
a hydrophilic polyol ingredient such as polyethylene glycol
(PEG) or the like, a method of adding a hydrophilic additive
agent, or the like i1s mainly used.



[0014] According to the present invention, effects can be obtained that, since the communication holes
are formed at a ratio of 800 holes4cm?2 or more per unit area when observed from a side of the
polishing surface, polishing liquid supplied out of an exterior at a time of polishing work moves from the
opened pores formed at the polishing surface through the foams which are communicated via the
communication holes, and accordingly, the present invention can improve an affinity to polishing liquid
and can stabilize polishing performance because cycling and retaining properties to polishing liquid are
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phosphate group, and salts thereof at a molecular side chain
thereof is disclosed. (See JPA 2007-276061.)

SUMMARY OF THE INVENTION

[0007] The technology disclosed in JPA 2003-128910 improves a
retaining property to polishing liquid. However, because the
polyurethane material i1tself is hydrophilicized due to the
hydrophilicizing agent or the like, a change in a shape due to
swelling, lowering in wet heat resistance, lowering in chemical
resistance or the like is brought fourth. For this reason,
polishing performance is stabilized in an initial polishing
stage, but deterioration of the polishing pad itself occurswith
the passage of time. As a result of this, there is a drawback
In that the surface shape (flatness) of the object to be polished
Is affected. Further, the technology disclosed iIn JPA
2007-276061 is hydrophilicized by using the polyurethane
composition into which an 1onic functional group is introduced.
However, there is a drawback in swelling due to water absorption
or in chemical resistance In the same manner as the technology
disclosed 1n JPA 2003-128910.

[0008] In view of these circumstances, an object of the present
invention iIs to provide a polishing pad capable of improving
an affinity to polishing liquid and stabilizing polishing
performance, a manufacturing method of the polishing pad and
a polishing method using the polishing pad.

[0009] In order to achieve the object, a first aspect of the
present invention is a polishing pad in which a large number
of foams are formed by a dry molding method and which has a resin



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS [0016] An embodiment in which
the present invention is applied to a polishing pad using for primary polishing work of a silicon wafer
will be explained below with reference to the drawings. [0017] (Configuration) As shown in Fig. 1,
a polishing pad 10 of this embodiment is equipped with a urethane sheet 2 made of a polyurethane
resin serving as a resin foamed body. The urethane sheet 2 has a polishing surface P for polishing an
object to be polished. The urethane sheet 2 is formed by slicing and cutting a cured polyurethane
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polishing liquid are secured.

[0011] In this aspect, the communication holes may be formed
at a ratio of 2000 holes/cm? or less per unit area when observed
from the side of the polishing surface. Further, it 1is
preferable that the resin foamed body is formed like a sheet
having a thickness "a"™ In a range of from 0.5mm to 1.5mm, and
a water absorption percentage expressed by a percentage of a
change 1In a weight of the resin foamed body before and after
the resin foamed body i1s dipped into water of 20 deg. C. to a
weight of the resin foamed body before dipped is (31-16a)% or
more when dipped for one hour and (56-24a)% or more when dipped
for 24 hours. At this time, the resin foamed body may be formed
so as to have an apparent density in a range of from 0.30g/cm?
to 0.80g/cm®, a Shore A hardness in a range of from 75 deg. to
95 deg. and an average pore diameter of the opened pores formed
at the polishing surface in a range of from 90um to 130um. The
resin foamed body may be formed by a polyurethane resin.



The communication holes 9 are formed at a ratio of 800 holes4cm2 or more and 2000 holes4cm2 or
less per unit area when observed from the side of the polishing surface P. Incidentally, the
communication holes 9 are observed as holes formed like pinholes having a diameter of 2041m or less
inside the opened pores 4. [0020] Here, a role that the communication holes 9 play will be explained.
In a polyurethane foamed body formed by a conventional dry molding method, polyurethane itself has
hydrophobicity and has a foamed structure in which foams are formed independently. For this reason,
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the like change due to that slurry accumulates at a bottom surface (surface opposite to the polishing

considerati g0 A T 1ot P Mo on TS b s Gt o 000
holes4cm2 gPtadsied that, since the communication holes are formed at a
ratio of 800 holes/cm? or more per unit area when observed from
a side of the polishing surface, polishing liquid supplied out
of an exterior at a time of polishing work moves from the opened



[0022] The apparent density and the Shore A hardness also vary according to a composition, an
average polymerization degree and molecular weight distribution of the polyurethane resin which
constitutes the urethane sheet 2, or a shape or distribution of the opened pores, but they correlate
largely with the foamed structure of the urethane sheet 2. The apparent density and the Shore A
hardness can be adjusted by changing the size or the number of the foams 3, in other words, by
changing the amount of the water in the dispersion. [0023] Further, as shown in Fig. 1, a double-faced

adhesive tagg relrfspseIN G b apeligung sRHY KL Patichipe reggHNeslhesam wRiposite side
to the polishin% surface P of the urethaﬂ%a sheet 2. The dau eﬁfafed adhesive tape, 7 is i)btained by
)

h b

forming an &4 e%.‘i’/”é”i%?e'rc(‘%_ £ gh\é\’v?l e%p%%%%? 'cfﬁ#o'[R?a 8s %far)aﬂ‘ |Iﬁgf?8t'é%'t?%é/ rhember
such as a fikAendteesEidiykRyend teeplehalald Heremaer, abblsidied 68 M ishhBdike. The
double-facepiadlrsivedopary edhpieFitedsolrpstansgspeetrd vitanic adheshiedayeyon nng face side

covered wilh e o b AL e T A3 AT B, R Vi bach

step shown in Fig. 2. Namely, the polishing pad is manufactured via a preparing step for preparing a
polyisocyanate compound, a pRiel-cOBpORAE; TdiSpeBionTiHEVRIRAWEIEISand a foam control agent are
dispersed and diluted in a polyol compound, a polyamine compound, respectively; a mixing step for
forming an iso ariate-group containing compound by reacting the polyisocyanate compound and the
polyol compigﬁryhg‘l advance and for mixing each ingredient of the obtained isocyanate-group
containing compouid,ghe dispsrsian sedtihonpalyamiew canhBostd atgrepbye shauiligiida a curing
and moldings¥epsiei RgUredthePixad ”Qéhﬁ%@?ﬁrﬁe’ﬁ*@'dé@&ﬁ@ifﬁ?m%@netﬁ@e Hiresexad liquid for
forming a poliwrethane foamed body; a slicing and cutting step for slicing and cutting the polyurethane

foamed boa‘y o 'S 'geQ-;shaped pieces to form plural pieces of sheets; and a laminating step for

adhering the urethankS%héel 2 arRr @eafsubkattahaHa a betad pnd pslsHitggad 10.

Each step witrbecekpiainethbetsl instherydpadl e steies. ARl iiReenaring Step) Inthe

preparing step, the E?g 'S$°¥a§‘%teo‘i%’8l2°8ﬂ9r‘{‘%ﬂ8l¥?h§° U i@%d&ﬁﬁ[mgmﬁa polyamine
d. The po be [

compound are preparéd. yisocyanate compound t prepared is not limited If it has two
isocyanate §roliod 8r rH&RAn O hoReneTReTEkdREIe BiCa ARBEFAIAS cHAPoRE nEARg two
isocyanate gmagaiimetstolaadle, m-phenylenediisocyanate, p-phenylenediisocyanate, 2,

6-tolylenediisocyangti(2, £-§R1aZn Py EHsN AR & ThdPA: FEPHTIRE S te of
communication holes at a polishing surface of a polishing pad
according to Example 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] An embodiment in which the present invention is applied
to a polishing pad using for primary polishing work of a silicon
wafer will be explained below with reference to the drawings.

[0017] (Configuration)

As shown in Fig. 1, a polishing pad 10 of this embodiment
Is equipped with a urethane sheet 2 made of a polyurethane resin
serving as a resin foamed body. The urethane sheet 2 has a
polishing surface P for polishing an object to be polished. The
urethane sheet 2 is formed by slicing and cutting a cured
polyurethane foamed body which is obtained by pouring into a
mold mixed solution where an isocyanate-group containing
compound obtained by reacting a polyisocyanate compound and a



4-diisocyanate,diphenylmethane-4,4'-diisocyanate,3, 3'-dimethoxy-4,4'-biphenyldiisocyanate, 3,
3'-dimethyldiphenylmethane-4, 4'-diisocyanate, xylylene-1,
4-diisocyanate,4,4'-diphenylpropanediisocyanate,
trimethylenediisocyanate,hexamethylenediisocyanate, propylene-1, 2-diisocyanate, butylenes-1,
2-diisocyanate, cyclohexylene-1,2-diisocyanate,cyclohexylene-1,
4-diisocyanate,p-phenylenediisothiocyanate,xylylene-1,

polyol compound in advance, dispersion (dispersing liquid) In
which water i1s dispersed and diluted in a polyol compound in
advance and which includes a foam control agent, and a polyamine
compound are mixed. That is, the urethane sheet 2 which
constitutes the polishing pad 10 is formed by a dry molding
method.

[0018] Foams (babbles) 3 having a circular or elliptic shape
In section are formed so as to be dispersed approximately
uniformly in an interior of the urethane sheet 2 due to the water
in the dispersion at the time of dry molding. That is, the
urethane sheet 2 has a foamed structure. An average pore
diameter of the foams 3 can be adjusted by a content of the water
which plays a role of a foaming agent and stir conditions at
a manufacturing time or the like, and it iIs adjusted In a range
of from 90 to 130um in this embodiment. Because the urethane
sheet 2 i1s formed by slicing the polyurethane foamed body, a
part of the foams 3 i1s opened at the polishing surface P to form
opened pores 4. Because the opened pores 4 are formed by
openings of the foams 3, an average pore diameter of the opened
pores 4 is set in a range of from 90 to 130um. The foams 3 formed
adjacently to each other in an interior of the urethane sheet
2 are communicated due to an action of the water in the dispersion
and the foam control agent to form communication holes 9 between
the communicated foams 3. A thickness "a" of the urethane sheet
2 can be adjusted at a time of slicing the polyurethane foamed
body, and it is adjusted in a range of from 0.5 to 1.5mm in this
embodiment.

[0019] In the urethane sheet 2, an apparent density thereof is
adjusted in a range of from 0.30 to 0.80g/cm®, and a Shore A
hardness thereof is adjusted in a range of from 75 to 95 deg.,
respectively. Further, because the opened pores 4 are formed
at the polishing surface P i1n the urethane sheet 2, the
communication holes 9 formed between the foams 3 can be
confirmed (observed) from a side of the polishing surface P.



4-diisothiocyanate, ethylidynediisothiocyanate or the like can be listed.Two kinds or more of these
diisocyanate compounds may be used together, and a compound having three isocyanate groups or
more in its molecule, for example, a triisocyanate compound having three isocyanate groups in its
molecule may be used. When the Shore A hardness of the urethane sheet 2 is taken into
consideration to be adjusted in the above stated range, it is preferable that tolylenediisocyanate such
as 2, 6-TDI, 2, 4-TDl is included at least 50 weight percent. [0026] On the other hand, as the polyol

compound, AOEHAMOA BESkR PSR KAl CODNHE F R HIOHCREROHAE IS B BgHMmau 88 psqd. For

example, both of a polyol, ¢ nd, havjng A low molecular weight such as,ethylene glycol, butylene
alycol or th& koL 2T hindU B SRd Hlvisd aliign sl i b 8L ER TR T OPESK Y polyol
compound Iu@adpelyadiemethidiearddghEoq NG agene like 1 apbieRta ool Ednpound
s#c?kas a reapiadiaieitilenaglyeel graﬂr@clﬁmg@mb@?@anm@fﬂmﬁm@aa e mﬁ@@'c acitC)i or
t , t )

€ like, a pﬁ%ﬂ??ﬁtﬁ% E?Me&%m';%ﬁm R GRIa afﬁ@iedBOlifﬂleC%ﬁgﬂ%d §r6%%' can be

used. Further, twokinds or mor yol compounds may be used togeth 277 Further,
the polyol compound used for preparing the dispersion can restrain not only elusion to be occurred at
polishing w§daa plste adadainflodecd hgdinshpolsimmy pedatniancé Y esa&tinol aithvanli$ocyanate

group of the,iSOYANRIGGERHP CORININGEAPRPUIIRLN SRR IR BGCaHSFRE Waler gnd the
foam control a&?nt are dlsier\%ed in thwm compound which is not concerned WE foaming, the
[

dispersion [98 BIEE081 1o EP(ng"m neVE ’ofﬂ%%ﬁf&%ﬁe LRe ntlfzﬁ‘ﬁgent in the
next mixinghyely.ophotzigdiyy eortpbasd aa Tompedndiehtisre dioh cohluritipangobdempound or
the like mayrgehiegd. il EpsanieytaRh of QZBQWO&HQ@D?@%B?M”%@%P?&H@{WQN such as
ethylene ghyeol MR SR i AN PSSR G NS EA I tiquiay -

By contrast, because the communication holes 9 are formed in

the urethane sheet 2, water can move from the opened pores 4

of the polishing surface P via the communication holes 9 and

the foams 3. As a formed ratio of the communication holes 9

INncreases more, the urethane sheet 2 1s more affinitive to water,

thereby a water absorption speed or a water absorption

percentage is improved. This water absorption percentage iIs

expressed by a percentage of a change in a weight of the urethane

sheet 2 before and after the urethane sheet 2 is dipped into

water to a weight of the urethane sheet 2 before the urethane

sheet 2 i1s dipped. Goodness in the start of polishing work at

an initial polishing stage is determined by an affinity to water,

In other words, a water absorption speed. Further, In a case

of polishing aplurality of objects to be polished continuously,

as a polishing pad has a better affinity to water and a higher

water retaining percentage, stability thereof is more superior.

The urethane sheet 2 shows the water absorption percentage of

(31-16a)% or more when it is dipped into water for one hour and

the water absorption percentage of (56-24a)% or more when it

iIs dipped Into water for 24 hours. Here, "a" expresses the

thickness (mm) of the urethane sheet 2. Because the water

absorption percentage is affected by the thickness "a" of the

urethane sheet 2, a preferable range was lead from a

relationship between the thickness "a" in the above-stated




molecular weight such as PING, polyethylene glycol (PEG), polypropylene glycol (PPG) or the like can
be used. By adjusting viscosity of the dispersion to the same degree as that of the solution of the
isocyanate-group containing compound or the polyamine compound, the water is apt to disperse
evenly in the mixing step. Accordingly, it is preferable to use a polyol compound having a number
average molecular weight of 500 to 3000. In this embodiment, PING having a number average
molecular weight of 1000 is used. When the dispersion is prepared, an ordinary stirring apparatus may

be used for.s;gﬁr @‘dEf"t%irlg §ﬂn§5%ﬁ%ﬁ%%a’t‘f@ﬁ%@@ %‘i'@ifp é%rﬁfﬁg%gpe'(ﬁﬁérﬁ”d diluted

approxma un|f rm%/ (? 8i e.water to be ispersed.i _th n s no}%llmlted pecially,

butitis pre 8 u sBfted Rakn o?aer Badhl d'r[r}lxﬁldaif ﬁﬁ’gurﬁ F U KE K mixed ratio

of the wateﬁtb&hé bidpeasfopad babtednn 'éﬁ%ﬁ@é%ﬁk@#%%ﬁ%‘?ﬁt%@@ﬁﬁpéﬁ%éﬂtl{U@QQ] While,

the foam cwolrul@epr?ﬁ@&abperswa?rtthercésnﬂa‘t'errr plabsmvtdenfb@wmta@@tioa the

communica orme e r t e cause a
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foam control agent varies In dispersion force, c Eatlblhty to apo compoun yforce in

foaming defORARGBHAR RAHCEHREBERCR 12301 248 UnRFURRER N M 8 SRRBCHE aHj#ded by
controlling &&undsand afiladdifiori tamood8rof the faamhaockol #ihent.wsete prefdyabledbaoncontrol

nggct:lz)llr;olt |sﬁ)getll1?era le’ EPL?;%I S|I|con§ %gggeédlﬁﬁlagctgaﬁsgqgi‘lg Bt%l?qgﬁ?bgt%%:rn%fhydrogen
aroup. A AR Ssch FonICSHAbAR, of SRARRT AASEIndDRenBut S0 Meont Ramely

polyoxyalkyésiaioitmethwpdlgsilbrahe-tedeiyimed warbbéiied. o polgdthier hiah essttinkes the

polyether d%ﬁr%@he@weg&wwm e, ROAMSORY e PIdE wPERIWRAG thesgpr the like
may be exem)Pllfleil sa foam contr%‘é# rt t of such S|I|conepba%edén nionic surfactant goncretely,
for 4 1

a silicone foan contral agert §|_a|sle30 Ee Prrg3 hanaicture ownCaPrPng 8ray Silicone
Company L@€NSLEy1® mAndadaied kﬂhﬁlﬁfé@ﬁ@m@éﬁ@b’ﬂbhﬁv Lﬂﬁ[@(ﬁrﬂiﬁﬁé lik@MdEbe

exemplifiedh R$It&heddasionoofohedgam3control agent to the dispersion is adjusted by an addition
of the water mixed as a foaming agent. It is preferable that the above-stated foam control agent
SH-193is adéusted in_a range of from 0.15 tg 0.65 wea t parts to one welght part of the water. If the

addition of the48ah ddirsigeReRthdenaiity 18fs S S tHaPR: SHEE HihASBRBLSS the
dispersion tpdhe slohgethraEenctredelexriayetbg and intve reyepa e a & lthpesartyisibde@s of the

foams occugp dperehyy %rpolm%ewmwceﬁ@shwmﬁ@e Herususeled doamegificture can
not be obtai ed To.the contra if the additio eTeds 0.65 WEI% Egéarts tt}i}%umber of the

communica ﬁ%lgs ﬁ)ﬁﬂg P B%Ru’ﬂ’é a2 5oBF HREMadd Bk aPRALG it, an
affinity to we@nslEtarioraree8dsaube 8g tiamedraditahénaraesfimapesicderopeses such as

an appareny geesiboandas e vhbardifss rinodrdendo Feex€ tBedevsiad PIgReries and the affinity
to water in a gﬁ)d b%?,%ce |%| [|ef {%ﬁ égl the fogl%ﬁ%ntr%%qent is rglxeg ina rar%;he of from 0.3
of the'wa

to 0.5 weight parts t0 one welg part er he' polyamine compound prepared in the
preparing stipri@atikith tk@ﬂgocyﬁﬁdtbsé‘rbﬂﬁ of BRITEBERATEE gratbecon®&diBl cohblnd. As the
polyamine ewnpduiet@tidiphaiit orsirprafie raiylmitiecnontpeurg par detisishsbrgxasple,

ethylenedla%‘rgrteiHr&oylgﬂ%glad‘fj\mﬁ&ﬁ@%h)f@rﬁ? rﬁsoph@m I%le ardﬂgfser

dicyclohexylmethane- lamine dichloro-4, 4™-di mlnodlphenylme herel

abbreviated®ds H@Cﬂfe&ﬁe%nﬁﬂg%ﬁnﬁ)cﬁjﬁ%g A%E”Lﬁﬁﬁe%fmﬁgﬁtdjmﬁ aHa B8 like may
be listed. FpeHarstredp@yaminsoofipoadd may havelomgdrdxhiegrdopsAs saclleéss than

amine-baseggQpoungierenaehigne sheet 2 becomes too soft, so that flatness
of the work surface becomes lowered at polishing work. To the
contrary, if the Shore A hardness exceeds 95 deg., it is not
preferable because a scratch (polishing defect) occurs
frequently. When an improvement in flatness at the work surface
Is taken into consideration, it is preferable that the Shore
A hardness is set in a range of from 80 to 95 deg. With respect
to the communication holes 9, 1t is not preferable 1T a formed
ratio thereof is less than 800 holes/cm?, because permeation
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2-hydroxyethylethylenediamine, 2-hydroxyethylpropylenediamine, di-2-hydroxyethylethylenediamine,
di-2-hydroxyethylpropylenediamine, 2-hydroxypropylethylenediamine,
di-2-hydroxypropylethylenediamine and the like may be listed. Two kinds or more of these compounds
may be used together. As a polyamine compound, in this embodiment, MOCA is used in a melted
state by heating it to about 120 deg. C. [0032] (Mixing Step, Curing and Molding Step) As shown
in Fig. 2, in the mixing step, the isocyanate-group containing compound, namely, isocyanate terminal

urethane prepaleeer (beesriengmppeabbserzied-assysPpl i‘%ﬁ’{_)éb&é"m%@@éfnﬁéécﬁ'l@\me _
polyisocyanate,compound and the palyol com ourf both %Ba{gd |Petheé)repa&\|/ﬂiitep. The obtained
prepolymer?grqd %36) 3@%&&%& %F\é%iﬁ}é%dﬂ?arﬁ;lﬁg %%epoun 1 pr %%reoaﬁl the prep iﬁg stép are
mixed to prdsaad ameetiguieferakla ffgtharfaspat sadd arxesedsig0Rhedasd emthe mixing
Stelp is pﬁ”'@%dam eigddcoRpng st ngiehmaxehisdddasidedbasialg tarmbteinethe
polyurethang-. nt i € step are
carried out fgrﬁﬁﬁgiaﬁ%%ggfﬁmg@ﬁm%@%@%%ﬁ?%%%rﬁé%ﬁﬁﬁ?ﬁ%nate group
of the polyidRyERaecHPRRAMHES sEPto"EEeIaFﬁ%! Ve AnsiaRiasig of e R0 T g of the
polyol compmihiis Frunggrad visddsan addhs pod polyaestiargeusadibysad oagh diopbitytdetsriorates so
that it is difficulteQualy JRRIGUBASRILFIATIN At REiTE G FRikNYR YR IYRRR AHE FyRiRag to lower
the viscosity, a pot life thereof is shortened and unevenness of mixture s%g%lﬁg%gth on the contrary,
S0 that & S 2 BRACHEAE SBTHUE KA BOVRRRE S SR by 10 /F5RE, While, i
the viscosity &%c0 low, foams move in the mixing liquid so that it is difficult to form the foams 3 which
are dispersed approximately uniformly in the polyurethane foamed body. For these reasons, it is

preferable t iscosity at a temperature of 3 80deg. C. of the prepolymer in a range of from
D000 10 200APd. LR O M b e o A e R A it
(degree of FSIGREHIANDLRANEGREPSIEPFhaPraysyee i nd xaa id 2abLPB0d6B0afeg. C. to be
in a state capablmol deuihgr [WE34hAs diewn in i ch thefmexes bpdgia-preraned byaimixer 20 in
the mixing epr ' liguid is into 25 contipuously he mixer 20 for
curing to mz\;lgﬁtﬁe p&yuggﬁgwn;%%:me% godmg gzérin%@%({mo ding%;ﬁip%Thgechr%E(éer Zd(s?is
equipped wWith SEHBAERK £FidhRi GPERESy BRIRS 1Pk BiRY sQJighg telarestettively
accommodatrgtitherépalyettstis adisriagEdi, tite Podaengieeednipouithassppeas@ntingredient

and the disprisionds adtir¢iYrsHISAE AerisepRassaiamupelragijuited’ P BivdnRg idr 12-
Because mgst of the pre oﬁ/mer of the fu"_st Wé;a[?dlent nd_the galgamlne qponl;{)ou d regﬁesented by
MOCA of the $etdA& iﬂ&?& EH%Q%BI% oF il o QA M ALRL AN R a ¥ FpEA rjégrespective
of the suppitii) @nRsate a€atlaesovadelic ingebegictld Bped fl @Rtate capable of flowing. A supplying
outlet led out of respective of the supplying tanks is connected to an upstream end of the mixing tank

12. The mixj c?@i 14 are fixed {q a rotatiop shaft dispgsed approximately at acentral portion from
gl (g ol o R e T GV e
1050mm (lehgfi9rx a&t@ah pad#)s Sonkksidiorn id-thiFenoamhdsh 10035Rehd At
ingredient, seffenceisgterdiant dppd siredienderasuphiep dbisraamgctive Patee Bupfiytigstanks to
the mixing (gpk dNdERiE=0 a71iR Rl LPIREY LEieYi Ve RiPRIPRIBh H4i ke MPing
blades 14 rotate as the ) )

by forming an adhesive layer (not shown) respectively on both

faces of an unillustrated base member such as a film made of

polyethylene telephthalate (hereinafter, abbreviated as PET)

or the like. The double-faced adhesive tape 7 adheres to the

urethane sheet 2 via an adhesive layer on one face side of the

base member and an adhesive layer on the other face side

(lowermost face side in Fig. 1) is covered with a release paper

8.

[0024] (Manufacture)
The polishing pad 10 is manufactured via each step shown
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rotation shaft of the mixer 20 rotates to mix each of the ingredients so as the mixing blades 14 to shear
them. At this time, by adjusting the shearing speed and the shearing number of the mixing blades 14,
each of the ingredients are mixed approximately uniformly to prepare the mixed liquid. If the shearing
speed of the mixing blades 14 is too small, a size of the foams 3 formed at an obtained polyurethane
foamed body becomes too large. To the contrary, if the shearing speed is too large, the viscosity
lowers because a temperature is raised by heat generation due to friction between the mixing blades
14 and the gixqeilifluic Acspidingly, fenas formehiHgesaied dapishueye (dwing 3 pgrigd of
molding), which is liable to%mev ness in a dispersion state af the foams 3 formed at gn obtained
polyurethar%r%%%re'c{"lgoqf/. il ﬂfth%rs%%ﬁ)@%u%bQPisytg)gqg\X?Q%l & of NP FBENs tobe formed
is apt to vaigolydb EaRRYNtheCARREIRG HumBar iibemaakaheXaen®s Baae wandmedd

approximatgkyemtforaity berasisertbe ¥iseerity dieredtiie io teamppwlyi@lriseompoinese reasons, in

the mixing 4 j [ i f from- 0] earing
number is jé??ﬁ’ﬁmﬁ%‘%q({)%m 0 f{)%%dg(%{ ti)l}?gg % n%ﬁxﬁh%ﬁ)na%%t %uﬁgfqﬁﬁqzﬁg %ﬁ:ﬁ retention
time) at the HHREY20YEBHISYR a FRANGEME BnaxFATRCUREE/SsBY) of HREEHEIiquEl®ut it is
about 1 seqarisa Mdlyaitmm;abumaud theupEsigrod mmpout’m imxadVignceoahdOkg or so
into the molg45. hcigRglatindhe SGRERT SRecd f EHBe SHeaine AUTRSE éﬂé‘@e‘:ﬁdwag‘d by the

following formulas..Namely, Shearing speed (/sec) = Diamete m) of blade tip of mixi lades 14 x
Pi (7 x ReVORTAISHIE: CRRRT i SISASPER S0 ABR A RONAT BERvERRREANSLp of
mixing blad€s prapa irtheriwvetol ixing taakcld; Bind 8hdariad chuntghet@n k) E Pevsitgn speed
(rpm) of mixiAg biadesdl4 idefiy RetestianHivrI(es)mikeixed dgichindneiite tateld iddamber of
blades of mw’n llagal Srl 9%36 'nathegvfiﬂgeaﬂ%iafﬂg'dp r%tee&), tt)rcl)%lobtain%ci Eni)i%d li %i Is poured
from a dischar%%e_outle?disposea Y a_ds_)wn%/tream end of the mixing fahk 12 o the Motd 25. When
the mixed li§UEGE NS uPdEMtEMe PANE DY tiad chigeE kdimne dhefped mretmreifaaigdd from the
discharge abgleyoi theonikivg taskhapeang fecexatp!fora plexiblk pipecths oTxeHdigtistis led to an

unillustrate [ r ' | in: ' j W&H?{ t osite two
sides (e.g.,%@?v%gﬁa ﬂ]ghﬁ%%mgﬁglﬁ%ygfo%%ﬁgﬁ%%md of tl ?ﬁ%ﬁ% %ﬁoaut et (end of the
flexible pipe) Q¥ BAGsd Rt aghraly i nrR&ibA SRRBGENRSIRG hinbiing BREEEh offREBouring
port. The msdeediquid b eurest firita the andid BSagprotineatelydewfoofilytidegteped mixed liquid is
reacted and cured in the mold 25 to form a block-shaped polyurethane foamed body. At this time, the
prepolymer is crosslinked and cured hy reaction of the prepolymer, and the polyol compound and the
polyamine @ﬁ&ﬁ%ﬁ%ﬂ&h@&ué a progress of this crosslinking and curing, a carbon dioxide
is formed due to reddlidihBefwenambnigosiamtetgre upakyins pRsuiatier eptnhdndhietdpersed
3nd %iluged ﬁbwi&@@ﬂfﬁj@mﬂch@fdh%ﬁ@%if@lﬁwdﬁérb@ui%m grféqggﬂflifaml;?ff@fﬁd carbon
ioxide does not run gway.to an exterior an oams 3 are formed. olydimethylsjloxane
which is a rﬁe‘aﬁ%‘% rﬂ% ure éﬁﬁerbsﬁﬁc%hgg%é%geég&ﬁf% irﬁou%ﬁe foPttg)eeE‘o%%n‘g_lggﬁt%c(?l a,g%en')(&stows
relatively lol/isitERd fhdismhasdludbAserIyansdshsCaRhOR poardihddsaaharritdased upon
a property tfdirisepeingibeeihsisilaxdidd sblos aiiatee dmsed nudfdctaniirexhihits $speyersuttace activity

effects to a nog; 'I'écone-t?ﬂsed syifactant ' Fig'él rpéhane faar H@n ' ipgdg gt]a] qam control
agent to po@ureut?ane foaming is c assifieélﬂi)argeE/ info aSSiSt;QICG_ tggté:ﬁ?r%#force Pr}l a é)w viscosity

range and SaRENOIESEd L IRARARGR S isCosfy EhbelGRELILSLRYRAaL B Ly fiodRbed. The
assistance f,stirrihgtfoloelmpeand isotyand eenulsife matedallingdedientsapivttoedispersi jnvolved

gas. While, ihey sipbilizatinn 6 foamg ipeais insenkpkibe unifisationiqideasanekto stapilize
membrane. ff%fis Ci&be obtained by adjus i,n%)sur ace tE;]sion in contrglling the unification of foams,

and by adjudting YHaMR¥artace tension, strfald BIASHNAAFGHELE VReosity in stabiffzing
membrane.Acddtdiaglyy by behesiyd tekbrioas hat éffects tBawyasatencetwlyiteng fdree become

large and the-stabiisatjemaliie formedfoams begomgpstieall PIpopad éaltic sbbgatra@ynication

e & o At YR SOCUAREES e foam chntal S oo AR AN g Step)
propylene-1, 2-diisocyanate, butylenes-1, 2-diisocyanate,
cyclohexylene-1, 2-diisocyanate, cyclohexylene-1,
4-diisocyanate, p-phenylenediisothiocyanate, xylylene-1,
4-diisothiocyanate, ethylidynediisothiocyanate or the like
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As shown in Fig. 2, in the slicing and cutting step, the polyurethane foamed body obtained in the
curing and molding step is sliced into sheet-shaped pieces, and the pieces are cut to a desirable
shape such as a circle and a desirable size to form plural pieces of sheets. A general slicer can be
used for slicing. When slicing is performed, the polyurethane foamed body is sliced in the order from
an upper layer portion with a predetermined thickness, while a lower layer portion thereof is supported.
The thickness for slicing is set in a range of from 0.5mm to 1.5mm in this embodiment. In the
polyurethangzfgarped Ig@taplded wbindeAGE0Ib 25 havied ihidress OFIaBYBiRAEBUSed i

this embodiment, for example, about |O ch of the pper layer portign and the, lower layer
portion is n&! usped"!rrc"ﬁ s%ﬁ of 3% (5{n§]8 i{h Ilke AL b&?ﬁﬁ? dt?“é‘Xérﬁt% lt?)rﬁgn is sliced

into from 208 m@r&%ﬁ@ oHERLES. \WheReligind s ﬂé?%rmlj?ﬁuﬂ@hmd: @fth @W@lﬁ ha@ing a
desirable shafiigoeyiting vethcanpienaaydie expigyese Brsausatlzapolyriripanghoamed body in
which the t ét?f & ff?egz%feat%’eé@'fmﬁegﬂﬁ%f@%‘?é‘A’%QPE?A%%%'BF“%ﬁé”dt%ftﬁ%Héo'd'“g step,

in each of the raI plec In the slicing and cutting step, an average pore diameter

of the open@&%%reg A BEREE A ERSOSISs AL 0 EARERHBHSIG b iR, #RAN¥@verage
pore diametetatdi: ppeged ptrasdpsddsrhbbOiat, tdilsdethedidisbimgaredts gpidh be

shortened hecapisegabrpgive-grainsienthpdike i Rpishingriqud &8y (R £l99t PRSI polishing

work. To the confrast, if it excéeds 13041m, it is difficult to control having an approximately uniform
pore diameter. [0039] (Laminating Step) In the laminating step, the double-faced adhesive tape 7
is caused td @0R&E With Bheadhidwie lhgbdonametiaee Rideyla ¢avtpopimskiteatoctbwilisbing surface

P of the uregipile sleef %ilUP%dﬂﬁ:RﬁSFﬁ@” S&ﬁiﬁﬁdﬁﬂftﬁﬂﬁtﬂlﬂﬁtﬁ‘t@?'tﬁﬂ@'lﬁw %3&79@@ matter
adheres to the lg){ethape sheet 2 g the I|k |s ca';ned Qu tooclon(t:plete thedDQnIShlané) 0040]
g smg

(Pollshlng Iinghlng Work |s Sarridd Bt t6°an & negf)torbe polis e surface
polishing m@@ﬂlﬂé%laﬁowéﬂﬂ@!i SHHISIE SupfaR BN ll@é‘@bﬂsﬂ’?@!e MENJ@B?aQbGEﬂH s@iface

pollslhlng T@hlenlla_uflﬁe poaahlhrw boﬁ%@%go@fﬁtha @iaeﬁtétgioaemmd ﬁ@ﬁ#}ﬁ.@s@% ﬂgthrelnttheWh
single sur agﬁcpr? Isni ac gte IS # QP | i!. tS ﬂ'%&ﬁl (0] § IS |n%§a e. en
e

the polishing pad 10 is attached tot ate t e releas IS pee off and the

polishing p&P1y @H@%@M@@Eﬂ@ﬁlﬂ&ﬁ@ !)ollsh nd'ite Vaith thyé‘?(pos!e esie layer.
While presgiad yressdigeeiptio lyoodotishgnb bialdl by chhaklmg ettt arintcb fsadisyydsanesg bgdo Face the

polishing plgi{oa ﬂ#‘coé@?doo%ﬁh*@aéﬂgﬁﬁeo?%ﬁi@m% ' EM (apléphing ;B‘ité'da@?lﬂ*d'”g
abrasive grains) from an exte rlor by rotatin E\%p h|n ate alg/ i: the holdlnﬁ@p te, polishing
work is perf%Fmed % wor lﬁface dt the 581 e othef"R] hen the double

surface polenulwqaamAa@aeeohnnémlsrmmwpauu@ |§res§betlv!351@ta@hed ketwdssigtes disposed

to face withmaehHrther thtiek HirpoBRontbe OliectiRbe pRIiB)el beMmanbs piaiepebysethting at
least one 0“{85&{%3.3 while supplying slurry, polishing work is performed to the object to

[0027] Further, the polyol compound used for preparing the
dispersion can restrain not only elusion to be occurred at
polishing work but also a bad influence against polishing
performance by reacting with an isocyanate group of the
Isocyanate-group containing compound. In the dispersion,
because the water and the foam control agent are dispersed iIn
the polyol compound which iIs not concerned with foaming, the
dispersion plays the role of lowering mixing unevenness of the
water and the foam control agent in the next mixing step. As
the polyol compound, a compound such as a diol compound, a triol
compound or the like may be used. For example, both of a polyol
compound having a low molecular weight such as ethylene glycol,
butylene glycol or the like, and a polyol compound having a high
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be polished. When polishing work is performed, slurry is supplied to the entire work surface
approximately uniformly because slurry moves via the foams 3 and the communication holes 9 while it
is retained by the opened pores 4. Incidentally, water is used as a medium of polishing liquid usually,
but organic solvent such as alcohol or the like may be mixed together. Further, polishing work due to a
chemical function by adding acid, alkali or the like may be employed. [0041] (Functions and the like)
Next, with respect to functions and the like of the polishing pad 10 in this embodiment, functions of the

urethane_ Shﬁi@l SdiAViiY ‘\}06 f@ﬁme%égHCtégf ipyyiich 6f9§'ﬂ§ygl @F%?O@lfyéﬁ!FatGﬁEU)tf‘e o
communlcatlori holes 9 vwll be e Ialn?d W . [004 rg:on erl1(t|onall in polishing work, a polishing
pad that haf %Mﬁggﬁ)é/noeerﬁ? fo%ﬁi’e%ostru ur X_or td _y% d¥yI m%ld?r%nmgﬁoé‘ 3hd that g?fened pores
are formed a€layatidniay dseasl ity oddthe L sleedipbmsHtiey tisris Por rey ReuRSIEBadplied
bet¥veen ;he)ﬁbiﬂ;@ @dlejmﬁslsmfaﬂde_tms@w@mﬁa@mwﬁ@&ng&shimdmmml@dl_toha work
surface of t itjs re a e ishing
surface. Ho&%&%ﬁ?ﬁé&@iﬁ%@ﬁﬁﬁ?ﬁﬁgﬁeﬁéi%@%p gb%ﬁy&ﬁéﬁ sau%‘%;%%%nw(};reggining
properties t§R IR KL SEGRay HieeElihaafkitiekt Hﬁtﬁé’@ft?@@béﬁe@%b‘r%@ m&BPAYE With the
abrasive graiosmouine g himgy dusinioeur sadcaagedingl cud shing nghiit. dF0ased@ddte supplying

and retaining-prepguieg iR slRER INSYSIRNthaPRighiad FRIRRYeRRIGYS ifiFultiq aplish the
surface of the obﬁect to bi[(ié)&shed uniformly, so thabh rface aiuallty_of e object to be polished

deteriorated'§ @ 1fnfﬁt’igl o'f?)dl@ﬁﬂg erke'?hé: Sle F&hShE Yo4In 1S nBY SRk ’to%lishing
liquid becausedi has yaEa pirdibigigpea tatusenetsrbefystidhfieg wdrkrietoghas datd Aurthermore,
because claggiga ot HiecoRerRd-PAFRP thalsprsraleiRias Nelqutllainessieigbe sbirelig be

polished de(tﬁr'hour%teg déJe tIQ Ot)ig?t a oHshinﬂ pﬁf)ercng scratch) occurs at the work surface but also a life
of the polishing pa% is SR8 3R] ey clljoggmg of the opened pores occurs, polishing work is
suspended in order to perform dressing work to the polishing surface. In dressing work, because a
new surfacq Go2gpTerk haesrovnpe didpea sewhinhttleggingbas poruirenhdtid pedtible to recover

lishi . . | ' ishi k, but
polishing peé&gg%?g}ﬁ?l\yo‘%ﬁ\iertf'qts?ﬁegﬁ?’%% ‘E\gﬂéé’&ﬁéﬁtﬁwmﬁﬁ Relisfygg work, bu

also a stable ork IS not sec due to a change In aian Ishing rate before and after the
dressing wdrR. RMEATSTH YRS oIy R YRAR RS aRShiRS thE<Boliskhing BsetidethPdeEiding
materials fot liee ety etitartdh ecsinspeiisy orradicdg edtyehiophilec gemgetathd polyBetd@ne resin,

but the techwl@w@e%ig]ﬁny@y@epﬁrgicular polyol compound and a particular hydrophilic group.
Besides, because the polishing pad itself swells due to slurry with the passage of time by introducing

the hydrophilic group, flatness of the object to be polished and stabilization of polishing performance
become insLER2shl. Whd pelisHihg phaat tiiertwisddimgangateole tidsppiciismdn [Ad43] In order
to improve @i §fEWy giwesnA/Rolidhag Raskéregrnageeitiage by ardy naoldy mefbod) and
slurry, Inveniore Tiage-ry BARICFHEY angbe imprayerpant An (ot iha agerghsorpiyly can be
improved by optimizing the toamed Structure without changing the urethane material by introducing the
hydrophilic §RliiforRFadarg the\aredyhilibagakise a?ge%@@mtrﬁ?@mlaq\!arﬁe%m@rd@sound that
the supplyirighaold sgiainyie proferides, tocains tib bEityprevedbp ddyolg dompoumnalraertion holes

between th%#}%g_{c’;iffithe | '1‘8'&%%”?iﬂa%%wa@rgﬁeeﬁﬁriﬁg'y?ﬁ?ﬁgirIQitHoa dphojyppagpthod, by

adjusting a oam control agent a of the foam confrol_agent to the water
which is mitE#PadRi€t tHepparayetsaY 198 m il sierAn S amha P d iRt edet™he sheet.

controlling a kind and an addition (amount) of the foam control
agent. As a preferable foam control agent for forming the
communication holes 9, a silicone-based surfactant may be
listed, and especially, it ispreferable to use asilicone-based
surfactant which does not have an active hydrogen group. As
a silicone-based nonionic surfactant, for example, polyether
denatured silicone, namely,
polyoxyalkylene-dimethylpolysiloxane-copolymer can be listed.
As polyether which constitutes the polyether denatured silicone,
polyethylene oxide, polypropylene oxide, copolymer of these or
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[0044] In this embodiment, the foams 3 formed at the urethane sheet 2 which constitutes the polishing
pad 10 are communicated by the communication holes 9. For this reason, the polishing liquid supplied
to the side of the polishing surface P moves from the opened pores 4 that the foams 3 are opened via
the communication holes 9 and the foams 3. Namely, supplying and retaining of the polishing liquid
can be realized due to not only foams 3 opened at the polishing surface P but also foams 3
communicated with the foams 3 opened at the polishing surface P, and accordingly the supplying and

retaining PWH%”'FFI@%B&P@\@@MQW%@ comeaﬂSfaamﬂwmw @H%‘ BYishiieg pad. Thus,
the polishin can improve trE&e SuR?é nﬁg r% gheropertlest % |s ing Ilq id from an initial
stage of pois ng V\%?P ri(?ég m%rg%bgg S,%%r ﬁlﬁ_in%ggorﬁfarg nyu?therégz;ggg@l\ig of the
opened por&8aANsCeRIkhMbRER0E t hirg sdiPaoe $Hs ¥8prddiaieufaskopesk use it is
worn away @b ifeyot pelshisg mbneocmm@@scm;mojshmww (hanpriecitiornbe ayire work
surface whi lj d i t 0 | erformance
is realized. E&@?ﬁurt i(?a{?rgt‘%b %Eg (P r?ﬁ'ﬁri?? ?QQ aogpg);frﬁ%trﬁﬁgt@gyﬁg ugr)e?t%]@%ﬁﬁe%e 2is

adjusted in a range of from 0.3 to 0.8g4cm3. The apparent density depends on a charge of a material,
a foam dianj@@801]] thadkadduta doaofdidmecteras apind betoage b abifthe apjspemsdensity is too

high. It is pqssibieyqensibyae ‘H&HW%?PS?‘@H@'WQ%WF‘QE@ e Jopgaf ﬂﬁ'%‘i&c‘%%%&f to setting

of conditions, but’in this case, w ns of the p ret e resin become to lowering in
o polisning L SiRHA e/ ERLS HB R EREAHRY B e SRR SR P REROh GRSk H-abhront
density is tasl@d justed preferataadecafisEnpsnlsdsatsad irfifereghke pastength dogradation
and deterlomlp@m f!?é@fts%ﬁt eHENRPESPlishing e aﬁl‘éﬁpﬂi@ﬂ%fhﬁn@wﬁﬂaﬂ iaehrelishing rate

and the deterlorattlon in fla{ness at tlme 0%()) ljgﬁ w%rk can laa %ﬁastralned %anq:%the
imen

apparent der%ety n the above statee range urthermore In this em e Trethane
sheet 2 hasthergsmbahEre hhBe HsRe ESEER0fkMHEE® bylﬂﬂféEBﬁm%rf &ftibh holes 9

and the cordetsichtpateieabdrarieveethasthd ratip shpe horesl aemb@niicﬁowhtt@e or less in

an area of lftgg%g/r}%}: rv%H érro(gg %ﬁl%%)lglggﬁthe a1$n|t w%@d g &S dpiqéslmg liquid or

water can penetrate via the ‘communication to water is

improved s@@Rens ket tE&?ﬂlﬁﬁ&y%EHﬁéFn’d’e% f3he RS etaeraﬁ’ B@ﬁ{éeéjomm-[f?ncahen holes 9
is less than@th@esdcm, the adtbr tbsorpticdu@MES weuffjbikqaantsit ixkdficutilbe improve the

affinity to walereg BenANTREATTHS fTed B PrRaedT 208 RRIFHBRNAIS FbRRierable
because slyrry accymulates at the bojtom side of the polishing pad a [ﬁh S|cal p ert such as
hardness, 3&‘%@ élret‘ﬁ'éqﬁ(%eﬁan with the Ea&ﬁp fime. %]a i onTTﬂu n holes 9

are formed deﬁ%l’ul@ﬂﬁt%sshe&e&ahéﬂréthand: ghmed? sitoiwsture acediee hbdeptiold Percentage
as, when aﬁﬁggm&pfﬁh@w%aee sheeh 28 "an (am)amré%%gﬂp%mwwsmr@imed in
water for one d (56 26%{8@&” h%lt 'ﬁg' é?]ed mflv% 6(E)for %4 hO%g A or légly,

ee

because the Water a sorppw IS |mprove e ure han Cure the cycling and retaining

properties t8HbRsHRY IERllH’%\ﬁ@rca'rﬂlrﬂpg&%jp ARG perfbmimd gdeaa e dRRE Fhfis
embodimenfoaynsetingrar aspeut daistheifoash Dordrelzagantor thealispeieon © foweddghto 0.65

weight par\?‘t&(&ge %@lgmé)a&%qf £ Vﬁaat?'t'notFeﬂ‘\%o%ﬁlE’Q the foams 3 in which the communication

holes 9 having a diameter of 204Xm or less are formed at a ratio of 800 holes4cm2 or more and 2000
holes4cm?2 or less can be formed, while the foams are distributed approximately uniformly in the
polyurethang0@3ih] The polyamine compound prepared in the preparing step

reacts with the isocyanate group of the isocyanate-group
containing compound. As the polyamine compound, an aliphatic
or aromatic polyamine compound can be used. For example,
ethylenediamine, propylenediamine, hexamethylenediamine,
isophoronediamine, dicyclohexylmethane-4, 4°-diamine, 3,
3"-dichloro-4, 4" -diaminodiphenylmethane (hereinafter
abbreviated as MOCA), a polyamine compound having a structure
similar to MOCA and the like may be listed. Further, the
polyamine compound may have a hydroxyl group. As such a
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In other words, by setting the amount of the foam control agent to the water in the above-stated range,
the water absorptivity can be improved without changing the physical property of the polishing pad, so
that, for example, a polishing pad having a high hardness and water absorptivity can be obtained.
Thus, the obtained plural pieces of the urethane sheets 2 can retain polishing liquid at the opened
pores 4 and polishing dust is accommodated in the opened pores 4 at a time of polishing work,
thereby they can improve polishing performance. [0048] Incidentally, a concrete compound was not
exemplified gspesiafy dathis embodimemmb mifiisocyanate copgpound may be giixgg @ the
polyisocyanate com oun%ous d_for preparjng the prepolymer. By mixing the triisocyanate compound,
the polyurergé?ﬂ%agg)%% h&(j@eote%@()q e Sﬁiu%%(g]e'ﬁ]e%j thereby tenacity can be lowered and a dressing
property car teVigHipsyathy ik erxd einedd@rdasle to set a ratio of the triisocyanate compound to
be mixed togabq@t kgt 6>3/ ot le enyaighe thliam inbether, it is preferable that the polyisocyanate
compound igeluges tal il ' tio thereof is at least 50 weight percent.
Furthermoréﬁ%ﬁfé @aﬁ%ﬁ%&%@ﬁﬁ%ﬁﬁﬁﬁﬁ%ﬁgﬂp%hnd used for preparing the prepolymer, a
polyol comﬁo‘Jh%@éVWlkﬂWaﬁPB‘@?Eﬂﬁ@Hﬂﬁ this case, it is preferable that the mixed ratio of
PING is at |dastShyeigin yerapy.1 040l énuettheans e sserd bbldemkEnkemihe peefdigted,.isocyanate

terminal UrefiRNR PREROY MG AP RY LA UMb BIGRAY RSP HEUSEAID e fispcyapate

compound was exemplified, but the lEresent invention is not_limited tq this. For example, an active

hydrogen cé‘mBB % 509@%’??98’1‘6 9I’grbﬂp,t9r1 Anfifl %?d&i?&tme“’l A? be d%Rstad of the
polyol compitedns tagslyiBycwakd rombbubd alkoddriiZledrgreof may be used instead of the
diisocyanate compound, and the prepolymer can be obtained by reacting these. Further, because

there are m inds of isacyanate terminal urethane prepgolymer gn the market, such one on the
market ma;fgé ggj(jj.@drmer?gin ti%‘fsp e[ﬁ@_&%ﬁ‘&@é‘? Qﬁﬂ(grrin(é)}lengwaﬁqeé)léispersion was prepared by
dispersing and dilutffy theReatBr add the"bam cahtrol BfenttiBehe PdKBNBomp&ERt watRBown,
however, thispregeniatesfious nadintiteibribis. dbepdiapersiomeammy ingludistaryexaatse, an
ingredient additi il eh ich | r.Guri lding,
other than fﬁﬂ”ﬁ@ﬂa@f&ﬁ%@ﬁ%ﬁ Xr?lﬁcé &e%%ﬁg%ﬁﬁ%w ﬂ{?eag?g?e%ﬁ)};r?,t ecause the
water and tRS foRFFRSHIEENt EPe FQFEISEd iRXhe" 53 Mo p&hRd ALY ISREYEIREned with
foaming, theadigpeusidrapldyshbepmisy ofl |l @oeniag ik gtim pyepaassohi thdhaterapd theépam control

agent in thespiing staRe Itdp0Q53IRIS tBHssdiMitbetheniizndhe PaveheaPeHN ARyt hrse is a
possibility that such liquid may solve out at poliShing york and give a bad influence_to c?Ilshlng
berformancBONFTLR 2 TRAREIHERER hRE s AP Db RFaheRb L Fonbo

compound. Poesay Burtheedrl sl &chbodkmdie e Lexiangpie chaothd it s ddilyitynibtjusted in a
range of frop g Bfdoft-8BeVeatB and the Shipxa Adaeepss & pdiusied InrLENYenfIfEP o to 95 deg.
was shown 1(*]6}%1t ih8 rSﬁ‘ﬁ!‘%‘H‘%e.W P ”%‘i'ﬁ?é'&ei 1SS rTQFé% ehdnéld RESfepiS fhpcause the
polishing pa IS tsed for prima pol?shlng Work of 2 silicon warfer, but the ranges rpay'oe changed
appropriatekhsy RGhypEREBRER qd ROBYishddinltpdifsIEAR AR St wirE B dlitkihaGaccuracy or
the like. [0GHdd-urtkerehoreheccesairion(@raavihg o lerihgssisgapaydeepedainrdetd therside of the
polishing S%Wi%%g%’&[ying polishing liquid and discharging polishing dust, although such a
matter was not referred to in this embodiment especially. A radial shape, a lattice-like shape, a spiral
shape or the like may be employed for a shape of the groove(s), and a rectangular shape, a U shape,
a V shape, pG233dircliearshtipe op treplideymay besenfuoyedifora onods sextonthafe tezeof. A

pitch, i1socyanate group of the polyisocyanate compound Is set to be
larger than a mol amount of the hydroxyl group of the polyol
compound. Further, 1T viscosity of the prepolymer to be used
1s too high, liquidity deteriorates so that i1t is difficult to
mix approximately uniformly at a time of mixing. It a
temperature is raised to lower the viscosity, a pot life thereof
IS shortened and unevenness of mixture is brought forth on the
contrary, so that asize of the foams 3 formed at the polyurethane
foamed body to be obtained varies. While, 1T the viscosity is
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a width and a depth are not limited especially if the grooves allow discharging of polishing dust or
moving of polishing liquid. It goes without saying that embossing is not limited especially, too. [0052]
Furthermore, the urethane sheet 2 may have, at least at a part thereof, an optical transmission portion
which allows optical transmission for detecting a state of polishing work to an object to be polished. In
this case, it is preferable that the optical transmission portion is formed so as to penetrate an entire
thickness direction of the urethane sheet 2. In such a configuration, for example, by a light emitting

element Su%ésl%lhﬂhféﬁlﬂﬁ'}@di}@di?rp'tﬂ@ rWi‘)‘( #Ad 3 Eaﬂti@%wﬂge@eﬂ?W%%i'fﬁﬁﬁﬁl'iomtrans
star or the Iafe equi perg'j W+th ?nsm%ev% a ollshlngmacrlune, the stlg(g(;(%%(%llsgln%r\{\ﬁrlélgn%l‘he work
surface oft_gobjgc E) Be rg)oaﬁsﬁe (A 08 gl ég%rlﬁs p(?IP INg Wo viaxn optical _ansmission
portion. ThetBbithiee el yupsmtewdneaerbdaeiectedapprobagae iy eagarSerdifgly Bolishing
pherfolrmarmprf@ﬂ?}@ﬁl@wgds@@ﬁﬁhéuaﬂscd@ ifty eeﬂhtb@?imnpdhamix@é aF i@@éﬁmixﬁgg step and
the slicer in the slicing step were shown. The.mixer or the slicer is noj limit [ nd a
generally ugtae(?mi§ér%r%s icer May OeWM@eec{ I!l?rt%e'ﬁ?lqﬁiso frr?t’)'z)odpr%él tﬁéor?oqg g@ g‘\ﬁn'g a

rectangularShagellHoke pditRedresesdikyerabrnis saGiARES BSJ Heh &R BBa mold. For
example, aanotlleudgr ogighital dbg pe @othe bHe/mery il tideh aod whenprispushtynod the mixed

liquid is tak%@g)ﬁé%i"ﬁ@ inameribedy ApRpe 3pmesd bt Using ganpld- 903

(Examples) Bles of th%p !shin ad 10 manufactured according to this embodiment will be
explained bl an&a ﬂgh? Ednt Ig"( arative Examples) manufactured for comparison will also
be explained. [0055] (Example 1) InExamplel, prepolymer of the first ingredient obtained by

reacting 2, §3d34F NS kindghainimiey averagaenglegeldr MighEef pbopkd pae aadidethylene
glycol was %ele%(teg I;Q ? rg%% Cm and degassed %F]der a eregllj,c%d pressure Tuhisdpr%pol mer had an
Isocyanate cont%lnlng Aol Of 6 K98 CA S t%é)segonoelngre ent was melled A1 deg. C. and

degassed uhakp 28Ik @ presskbnuREglspdiswsh Bheha INRT iRt dpdneb i i thhe&® bg mixing
PING havingreenpobgu peetegesndisaniad Weight dhalidid K001 mptandatd st CRepT-ET
manufactur Y, rparatjgn il - (S f F y Dow
Corning bra@ﬂgli@-gz%%gc?rgpg%y%ﬁ%i a gofa%{%fzggﬁo?%ﬁgs%%g I]?:htﬁc?fvs@g?goﬁg mixed ratio of
the siliconeREeSurthttandffis uBbil b weight WaREXWREh cdiidRd to PEFBRE Wei§dbart of the
water. Afteratbedimstpdedambantbirdangrallemte wesdegasfed sihderragneeidited prestine, they

were suppligg 9416 BB RRIAA % FRISRITROMHARJ: e dh obrained Sysed fawid was

poured Into the mold 25 and was cured, a form olyurethane foamed body was taken qut of the
mold 25. TRS Eal e Eb A AESLHET to AR Eel ERRRSE itk labh HEURA A TR 8ds 7S 3mm, and
each of the pledrgvéantutd a cBegausieapwihivial dbanmwiepolso@nno®d dinairfihestethane
sheets 2. Thiug iepqlishtnGAad thef Byayrie havasomaoufastHegresias tis usihroe sheft.

the second ingredient are solid or in a state hard to flow at

a normal temperature, respective of the supplying tanks are

heated so as each ingredient to be In a state capable of flowing.

A supplying outlet led out of respective of the supplying tanks

IS connected to an upstream end of the mixing tank 12. The

mixing blades 14 are fixed to a rotation shaft disposed

approximately at a central portion from an upstream side to a

downstream side Inside the mixing tank 12. A size of the mold

25 is set to 1050mm (length) x 1050mm (width) x 50mm (thickness)

in this embodiment.

[0035] The Tfirst ingredient, second iIngredient, third
ingredient are supplied from respective of the supplying tanks
to the mixing tank 12 to mix them so as to be in an uniform state
by the mixing blades 14. The mixing blades 14 rotate as the
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[0056] (Example 2) In Example 2, a polishing pad B of Example 2 was manufactured using the
urethane sheet 2 in the same manner as Example 1 except that an addition ratio of the silicone-based
surfactant was set to 0.03. At this time, a mixed ratio of the silicone-based surfactant falls upon 0.3
weight parts when converted to per one weight part of the water. [0057] (Control 1) In Control 1, a
polishing pad C of Control 1 was manufactured using the urethane sheet in the same manner as
Example 1 except that an addition ratio of the silicone-based surfactant was set to 0.15. At this time, a

mixed ratio %ﬂl@tﬁigwr%%%do’*m@ﬁ@%%ﬂpgﬁ 1 eidy peps M’i’b@n&QBMer@ﬁd tereer one
wei art of the water, ro . ontro olishin of Cgn was
ight part of th t li%3058%\( I g trol I%h D f Qgélz
t

manufactur&dl %sehg fhe %ﬁgﬁ’n except A'Zddition ratio
of the sﬂmoi‘ié%se@émﬁfbdﬂémwgs Etae@bmrmm@nmeéi @ﬁﬂx&h?aﬁb‘@ﬁwghﬁb'ﬁ@%ﬁsed

surfactant fais upen @ibvieighbilaitewhen coewitebtp RET@NEeiatiEpart of teawaipxd8059]

(Evaluationa?ﬁproximately uniformly to prepare the mixed liquid. If the
shearing speed of the mixing blades 14 is too small, a size of
the foams 3 formed at an obtained polyurethane foamed body
becomes too large. To the contrary, it the shearing speed is
too large, the viscosity lowers because a temperature is raised
by heat generation due to friction between the mixing blades
14 and the mixed liquid. Accordingly, foams formed in the mixed
liquid move (during a period of molding), which is liable to
unevenness In a dispersion state of the foams 3 formed at an
obtained polyurethane foamed body. While, i1f the shearing
number is too few, a size of the foams to be formed iIs apt to
vary, to the contrary if the shearing number is too many, the
foams 3 are not formed approximately uniformly because the
viscosity lowers due to temperature rise. For these reasons,
In the mixing step, the shearing speed is set in a range of from
9,000 to 41,000/sec and the shearing number iIs set In a range
of from 300 to 10,000 turns to mix the mixed liquid. A mixing
time (retention time) at the mixer 20 depends on a flow volume
(maximum 1 litter/sec) of the mixed liquid, but it is about 1
sec or so. Namely, i1t takes about 1 to 2 minutes or so to pour
the mixed liquid of 100kg or so into the mold 25. Incidentally,
the shearing speed and the shearing number can be calculated
by the following formulas. Namely, Shearing speed (/sec) =
Diameter (mm) of blade tip of mixing blades 14 x Pi (n) X
Revolution speed (rpm) of mixing blades 14 = 60 = Clearance
(mm) between blade tip of mixing blades 14 and inner wall of
mixing tank 12; and Shearing number (turns) = Revolution speed
(rpm) of mixing blades 14 = 60 x Retention time (sec) of mixed
liquid in mixing tank 12 x Number of blades of mixing blades
14.

[0036] In the curing and molding step, the obtained mixed liquid
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With respect to the urethane sheet which constitutes the polishing pad of each of Examples and
Controls, an apparent density, a Shore A hardness, an average pore diameter of the foams 3, the
number of the communication holes 9 and a water absorption percentage (one hour later, 24 hours
later) were measured. In the measurement of the apparent density, a test piece (10cm x 10cm) was
cut from the urethane sheet to measure a weight WO with an electronic balance (Type:
Mettler-AJ-180) and a thickness t with a dial gauge. The apparent density was calculated from the
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the water dispersed and diluted In the dispersion. Because the
crosslinking and curing iIs in a progress, the formed carbon
dioxide does not run away to an exterior and the foams 3 are
formed.

[0037] Polydimethylsiloxane which is a main structure of the
silicone-based surfactant used for the foam control agent shows
relatively low surface tension. A role of the foam control
agent in polyurethane foaming is based upon a property of this
polydimethylsiloxane. The silicone-based surfactant exhibits
superior surface activity effects to a non-silicone-based
surfactant in polyurethane foaming. Contribution of the foam
control agent to polyurethane foaming is classified largely
Into assistance to stirring force in a low viscosity range and
stabilization of foams in a high viscosity range where reaction
has been progressed. The assistance to stirring force means
to mix and emulsify material iIngredients and to disperse
involved gas. While, the stabilization of foams means to
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control the unification of foams and to stabilize membrane.
Effects can be obtained by adjusting surface tension 1iIn
controlling the unification of foams, and by adjusting dynamic
surface tension, surface elasticity and surface viscosity in
stabilizing membrane. Accordingly, by selecting conditions
that effects of the assistance to stirring force become large
and the stabilization of the formed foams becomes small, a
formed ratio of the communication holes 9 can be increased. The
conditions are selected depending on the addition of the water
mixed as a foaming agent, a kind and an addition of the foam
control agent.

[0038] (Slicing and Cutting Step)

As shown in Fig. 2, in the slicing and cutting step, the
polyurethane foamed body obtained in the curing and molding step
iIs sliced Into sheet-shaped pieces, and the pieces are cut to
a desirable shape such as a circle and a desirable size to form
plural pieces of sheets. A general slicer can be used for
slicing. When slicing i1s performed, the polyurethane foamed
body is sliced in the order from an upper layer portion with
a predetermined thickness, while a lower layer portion thereof
IS supported. The thickness for slicing is set in a range of
from 0.5mm to 1.5mm in this embodiment. In the polyurethane
Toamed body molded within the mold 25 having a thickness of 50mm
which i1s used in this embodiment, for example, about 10mm of
each of the upper layer portion and the lower layer portion is
not used for the reason of a defect or the like, and about 30mm
of a central portion is sliced into from 20 to 60 pieces of sheets.
When cutting i1s performed, punching with a pattern having a
desirable shape or cutting with a cutter may be employed.
Because the polyurethane foamed body in which the foams 3 are
formed approximately uniformly can be obtained in the curing
and molding step, in each of the plural pieces of sheets formed
in the slicing and cutting step, an average pore diameter of
the opened pores 4 formed at a surface thereof is In a range
of from 90 to 130um. If the average pore diameter of the opened
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pores 4 is less than 90um, a life of the polishing pad is apt
to be shortened because abrasive grains or the like in polishing
liquid i1s easy to clog at a time of polishing work. To the
contrast, If 1t exceeds 130um, 1t isdifficult to control having
an approximately uniform pore diameter.

[0039] (Laminating Step)

In the laminating step, the double-faced adhesive tape
7 1s caused to adhere with an adhesive layer on one face side
to a face opposite to the polishing surface P of the urethane
sheet 2. Then, inspection such as confirming that neither dirt
nor a foreign matter adheres to the urethane sheet 2 or the like
IS carried out to complete the polishing pad 10.

[0040] (Polishing Work)

When polishing work s carried out to an object to be
polished, a single surface polishing machine for polishing a
single surface of the object to be polished or a double surface
polishing machine for polishing both surfaces of the object to
be polished can be used. When the single surface polishing
machine 1s used, the polishing pad 10 is attached to the
polishing plate. When the polishing pad 10 is attached to the
polishing plate, the release paper 8 i1s peeled off and the
polishing pad 10 is caused to adhere and Tix to the polishing
plate with the exposed adhesive layer. While pressing the
object to be polished held by a holding plate which is disposed
so as to face the polishing plate to a side of the polishing
surface P and supplying slurry (polishing liquid including
abrasive grains) from an exterior, by rotating the polishing
plate and/or the holding plate, polishing work is performed to
a work surface of the object to be polished. On the other hand,
when the double surface polishing machine is used, the polishing
pad 10 is respectively attached to two plates disposed to face
with each other. After disposing the object to be polished
between the plates, by rotating at least one of the plates while
supplying slurry, polishing work is performed to the object to

21
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be polished. When polishing work is performed, slurry 1is
supplied to the entire work surface approximately uniformly
because slurry moves via the foams 3 and the communication holes
9 while 1t is retained by the opened pores 4. Incidentally,
water i1s used as a medium of polishing liquid usually, but
organic solvent such as alcohol or the like may be mixed together.
Further, polishing work due to a chemical function by adding
acid, alkali or the like may be employed.

[0041] (Functions and the like)

Next, with respect to functions and the like of the
polishing pad 10 in this embodiment, functions of the urethane
sheet 2 having the foamed structure in which the foams 3 are
communicated by the communication holes 9 will be explained
mainly.

[0042] Conventionally in polishing work, a polishing pad that
has an i1ndependent foamed structure formed by a dry molding
method and that opened pores are formed at a polishing surface
IS used. At a time of polishing work, polishing liquid 1is
supplied between the object to be polished and the polishing
pad, and this polishing liquid is supplied to a work surface
of the object to be polished while it is retained at the opened
pores formed at the polishing surface. However, because a
polyurethane resin has hydrophobicity, the supplying and
retaining properties to polishing liquid may become
insufficient. Further, the opened pores may clog with the
abrasive grains or the polishing dust occurred according to
polishing work. 1In a case that the supplying and retaining
properties to slurry is insufficient, a polishing rate lowers
and 1t is difficult to polish the surface of the object to be
polished uniformly, so that the surface quality of the object
to be polished deteriorates. In an initial stage of polishing
work, the polyurethane resin is not affinitive to polishing
liquid because i1t has hydrophobicity, so that the start of
polishing work becomes late. Furthermore, because clogging of
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the opened pores is also accelerated, not only flatness of the
object to be polished deteriorates due to that a polishing
defect (scratch) occurs at the work surface but also a life of
the polishing pad is shortened. When clogging of the opened
pores occurs, polishing work is suspended in order to perform
dressing work to the polishing surface. In dressing work,
because a new surface i1s exposed by removing a surface at which
clogging has occurred, it is possible to recover polishing
performance. However, not only efficiency lowers due to
suspension of polishing work, but also a stable polishing work
IS not secured due to a change in a polishing rate before and
after the dressing work. There is a technology for giving
hydrophilicity to a polishing pad 1tself by deciding materials
for the polyurethane resin and by introducing a hydrophilic
group to the polyurethane resin, but the technology needs to
employ a particular polyol compound and a particular
hydrophilic group. Besides, because the polishing pad itself
swells due to slurry with the passage of time by introducing
the hydrophilic group, flatness of the object to be polished
and stabilization of polishing performance become insufficient.
The polishing pad of this embodiment can solve these problems.

[0043] In order to improve an affinity between a polishing pad
(urethane sheet made by a dry molding method) and slurry,
Inventors made an eager study on the improvement and found that
water absorptivity can be improved by optimizing the foamed
structure without changing the urethane material by introducing
the hydrophilic group or by adding the hydrophilic additive
agent or the like. Namely, Inventors found that the supplying
and retaining properties to slurry can be improved by forming
the communication holes between the foams which are originally
formed independently according to a dry molding method, by
adjusting a kind of the foam control agent and a mixed ratio
of the foam control agent to the water which is mixed to adjust
the apparent density, foam diameter and foam shape of the
urethane sheet.
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[0044] In this embodiment, the foams 3 formed at the urethane
sheet 2 which constitutes the polishing pad 10 are communicated
by the communication holes 9. For this reason, the polishing
liquid supplied to the side of the polishing surface P moves
from the opened pores 4 that the foams 3 are opened via the
communication holes 9 and the foams 3. Namely, supplying and
retaining of the polishing liquid can be realized due to not
only foams 3 opened at the polishing surface P but also foams
3 communicated with the foams 3 opened at the polishing surface
P, and accordingly the supplying and retaining properties are
improved remarkably in comparison with the conventional
polishing pad. Thus, the polishing pad can iImprove the
supplying and retaining properties to polishing liquid from an
initial stage of polishing work, and can improve the start of
polishing work largely. Further, clogging of the opened pores
4 1s restrained since the polishing surface P is reproduced
appropriately because it is worn away at a time of polishing
work. For this reason, polishing liquid i1s supplied to the
entire work surface while i1t is retained by the polishing pad,
and accordingly stabilization of polishing performance is
realized.

[0045] Further, in this embodiment, the apparent density of the
urethane sheet 2 is adjusted in a range of from 0.3 to 0.8g/cm>.
The apparent density depends on a charge of a material, a foam
diameter or the like, but a foam diameter is apt to become small
1T the apparent density is too high. 1t is possible to densify
the urethane sheet 2 without changing the foam diameter due to
setting of conditions, but in this case, wall portions of the
polyurethane resin become too thick, and lowering in apolishing
rate or an increase iIn scratches may be bought forth. To the
contrary, i1f the apparent density is too low, It is not
preferable because i1t causes a bad influence due to strength
degradation and deterioration in flatness at a time of polishing
work. Accordingly, the lowering in a polishing rate and the
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deterioration in flatness at a time of polishing work can be
restrained by adjusting the apparent density 1in the
above-stated range.

[0046] Furthermore, in this embodiment, the urethane sheet 2
has the foamed structure that the foams 3 are communicated by
the communication holes 9 and the communication holes 9 are
formed at the ratio of 800 holes or more and 2000 holes or less
in an area of 1cm? when observed from the side of the polishing
surface P. Because polishing liquid or water can penetrate via
the communication holes 9, the affinity of the polishing pad
10 to water is improved so that the water absorptivity 1is
enhanced. 1T the formed ratio of the communication holes 9 is
less than 800 holes/cm?, the water absorptivity becomes
insufficient and it is difficult to improve the affinity to
water. To the contrary, if the formed ratio exceeds 2000
holes/cm?, it is not preferable because slurry accumulates at
the bottom side of the polishing pad and a physical property
such as hardness, density or the like changes with the passage
of time. Because the communication holes 9 are formed at the
urethane sheet 2, the urethane sheet 2 shows such a water
absorption percentage as, when a thickness of the urethane sheet
2 1s "a" (mm), (31-16a)% or more when it is dipped in water for
one hour and (56-24a)% or more when i1t is dipped In water for
24 hours. Accordingly, because the water absorptivity 1is
improved, the urethane sheet 2 can secure the cycling and
retaining properties to polishing liquid and can improve
polishing performance.

[0047] Moreover, in this embodiment, by setting an amount of
the foam control agent in the dispersion to from 0.15 to 0.65
weight parts to one weight part of the water in the dispersion,
the foams 3 in which the communication holes 9 having a diameter
of 20um or less are formed at a ratio of 800 holes/cm? or more
and 2000 holes/cm? or less can be formed, while the foams are
distributed approximately uniformly in the polyurethane resin.
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86 620 7.5 28.3 [0061] As shown In Table 1, It was understood that the communication holes were
formed by adding the silicone-based surfactant at the time of forming the urethane sheet In each of
Examples and Controls. As shown In fig. 4, It was found that the communication holes 9 were formed
at the foams 3 having an approximately spherical shape. In each of the urethane sheets of Examples
and Controls, the apparent density was ranged of from 0.30 to 0.80g4cm3, the Shore A hardness was
ranged of from 75 to 95 deg. and the average pore diameter of the foams 3 was ranged of from 90 to
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[0048] Incidentally, a concrete compound was not exemplified
especially in this embodiment, but a triisocyanate compound may
be mixed to the polyisocyanate compound used for preparing the
prepolymer. By mixing the triisocyanate compound, the
polyurethane foamed body becomes hardened, thereby tenacity can
be lowered and a dressing property can be improved. In this
case, It iIs preferable to set a ratio of the triisocyanate
compound to be mixed to about from 0.3 to 0.8 1In a weight ratio.
Further, i1t i1s preferable that the polyisocyanate compound
includes tolylenediisocyanate and a mixed ratio thereof iIs at
least 50 weight percent. Furthermore, PTMG was exemplified as
the polyol compound used for preparing the prepolymer, a polyol
compound other than PTMG may be mixed. In this case, it is
preferable that the mixed ratio of PTMG is at least 50 weight
percent.

[0049] Further, 1in this embodiment, as the prepolymer,
i1socyanate terminal urethane prepolymer obtained by reacting
the polyol compound and the diisocyanate compound was
exemplified, but the present invention is not limited to this.
For example, an active hydrogen compound having a hydroxyl group,
an amino group or the like may be used instead of the polyol
compound, and a polyisocyanate compound or a derivative thereof
may be used instead of the diisocyanate compound, and the
prepolymer can be obtained by reacting these. Further, because
there are many kinds of isocyanate terminal urethane prepolymer
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[0062] (Evaluation 2) Further, with respect to each of the polishing pads of Examples and
Controls, polishing performance was evaluated by polishing work to a silicon wafer under the following
polishing conditions. Namely, after attaching the polishing pad respectively to upper and lower
polishing plates of a polishing apparatus, polishing work was performed to each 100 pieces of a silicon
wafer having each standard to measure flatness thereof. In the measurement of flatness, a flatness
measurement apparatus (Nanometoro300TT-A manufactured by Kuroda Precision Industries Ltd.) was
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It 1s preferable to use the polyol compound.

[0050] Further, in this embodiment, an example that the apparent
density is adjusted in a range of from 0.30 to 0.80g/cm® and
the Shore A hardness is adjusted in a range of from 75 to 95
deg. was shown, but the present invention is not limited to these.
These ranges are preferable because the polishing pad 10 i1s used
for primary polishing work of a silicon wafer, but the ranges
may be changed appropriately by a property of an object to be
polished in polishing work, required polishing accuracy or the
like.

[0051] Furthermore, recessing (grooving) or embossing may be
performed to the side of the polishing surface P for supplying
polishing liquid and discharging polishing dust, although such
a matter was not referred to in this embodiment especially. A
radial shape, a lattice-like shape, a spiral shape or the like
may be employed for a shape of the groove(s), and a rectangular
shape, a U shape, a V shape, a semicircular shape or the like
may be employed for a cross section shape thereof. A pitch,
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a width and a depth are not limited especially if the grooves
allow discharging of polishing dust or moving of polishing
liquid. It goes without saying that embossing is not limited
especially, too.

[0052] Furthermore, the urethane sheet 2 may have, at least at
a part thereof, an optical transmission portion which allows
optical transmission for detecting a state of polishing work
to an object to be polished. In this case, it is preferable
that the optical transmission portion is formed so as to
penetrate an entire thickness direction of the urethane sheet
2. In such a configuration, for example, by a light emitting
element such as a light emitting diode or the like and a light
receiving element such as a phototransistor or the like equipped
with a side of a polishing machine, the state of polishing work
at the work surface of the object to be polished can be detected
during polishing work via the optical transmission portion.
Thereby the end of polishing work can be detected appropriately,
and accordingly polishing performance can be improved.

[0053] Further, in this embodiment, the mixer 20 in the mixing
step and the slicer in the slicing step were shown. The mixer
or the slicer is not limited especially and a generally used
mixer or slicer may be used. Further, in this embodiment, the
mold 25 having a rectangular shape was shown, but the present
invention is not limited by a shape or size of a mold. For
example, a mold having a cylindrical shape or the like may be
used, and when viscosity of the mixed liquid is taken iInto
consideration, a foamed body may be formed without using a mold.

[0054] (Examples)

Examples of the polishing pad 10 manufactured according
to this embodiment will be explained below. Incidentally,
Controls (Comparative Examples) manufactured for comparison
will also be explained.
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SBIR (max) Example 1 Polishing Pad A -31% -14% -54% Example 2

[0055] (Example 1)

In Example 1, prepolymer of the first ingredient obtained
by reacting 2, 4-TDI, PTMG having a number average molecular
weight of about 1000 and diethylene glycol was heated to 55 deg.
C. and degassed under a reduced pressure. This prepolymer had
an isocyanate containing amount of 9.6%. MOCA of the second
ingredient was melted at 120 deg. C. and degassed under a reduced
pressure. The dispersion of the third ingredient was obtained
by mixing PTMG having a number average molecular weight of about
1000, water, catalyst (TOYOCAT-ET manufactured by Tosoh
Corporation) and silicone-based surfactant (SH-193
manufactured by Dow Corning Toray Silicone Company Ltd.) at a
ratio of 2.5/0.1/0.05/0.05. In this dispersion, a mixed ratio
of the silicone-based surfactant falls upon 0.5 weight parts
when converted to per one weight part of the water. After the
first, second and third ingredients were degassed under a
reduced pressure, they were supplied to the mixing tank 12 at
a ratio of 79.0/18.3/2.7. After the obtained mixed liquid was
poured into the mold 25 and was cured, a formed polyurethane
foamed body was taken out of the mold 25. This foamed body was
sliced to sheet-shaped pieces each having a thickness of 1.3mm,
and each of the pieces were cut to a circular shape having a
diameter of 800mm to obtain the urethane sheets 2. Thus, a
polishing pad A of Example 1 was manufactured using this
urethane sheet.

[0056] (Example 2)

In Example 2, a polishing pad B of Example 2 was
manufactured using the urethane sheet 2 in the same manner as
Example 1 except that an addition ratio of the silicone-based
surfactant was set to 0.03. At this time, a mixed ratio of the
silicone-based surfactant falls upon 0.3 weight parts when
converted to per one weight part of the water.

[0057] (Control 1)
In Control 1, a polishing pad C of Control 1 was
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Polishing Pad B -32% -8% -50% Control 1 Polishing Pad C 0% 0%

manufactured using the urethane sheet in the same manner as
Example 1 except that an addition ratio of the silicone-based
surfactant was set to 0.15. At this time, a mixed ratio of the
silicone-based surfactant falls upon 1.5 weight parts when
converted to per one weight part of the water.

[0058] (Control 2)

In Control 2, a polishing pad D of Control 2 was
manufactured using the urethane sheet in the same manner as
Example 1 except that an addition ratio of the silicone-based
surfactant was set to 0.01. At this time, a mixed ratio of the
silicone-based surfactant falls upon 0.1 weight parts when
converted to per one weight part of the water.

[0059] (Evaluation 1)

With respect to the urethane sheet which constitutes the
polishing pad of each of Examples and Controls, an apparent
density, a Shore A hardness, an average pore diameter of the
foams 3, the number of the communication holes 9 and a water
absorption percentage (one hour later, 24 hours later) were
measured. In the measurement of the apparent density, a test
piece (10cm x 10cm) was cut from the urethane sheet to measure
a weight WO with an electronic balance (Type: Mettler-AJ-180)
and a thickness t with a dial gauge. The apparent density was
calculated from the thickness t and the weight WO iIn accordance
with Apparent Density (p) = WO/t/10. In the measurement of
the Shore A hardness, plural test pieces cut in the same manner
as the measurement of the apparent density were stacked so that
a thickness thereof is 4.5mm or more, and the Shore A hardness
was measured by an A-type hardness meter (Japanese Industrial
Standards JIS K 7311). For example, in a case that a thickness
of one test piece i1s 1.3mm, four test pieces were stacked to
measure the hardness. In the measurement of the average pore
diameter of the foams 3, a section of the urethane sheet was
observed with a scanning electron microscope (SEM) to measure
diameters of the foams 3 and then an average diameter thereof
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0% Control 2 Polishing Pad D -17% 6% -52% [0064] As shown In Table 2, It was understood that
flatness of silicon wafers polished by the polishing pads that the addition ratio of the silicone-based
surfactant to a water ratio of 0.1 was set In a range of 0.015 to 0.065, namely, the polishing pad A
(addition ratio: 0.05) of Example 1 and the polishing pad B (addition ratio: 0.03) of Example 2 can
stabilize the shape of the silicon wafer and improve flatness to a high degree. While, the polishing pad
D (Control 2) that the addition ratio of the silicone-based surfactant was set to 0.01 (less than 0.015)

showed a tgpgdeney Il fiatrass of e stiten medeLvanasierigriahd hisdsisepsideregriat the

water absoré)(':[)lnqr%nication holes 9, a SEM image having a visual field of 5mm?
was taken by magnifying a surface of the test piece 50 times
with a SEM to count the number of the communication holes 9 which
are viewed inside the foams 3 i1n the SEM image. With respect
to 10 portions of the test piece, the number of the communication
holes 9 counted from the SEM image was summed up to calculate
the number converted to per 1lcm?. In the measurement of the
water absorption percentage (%), a weight of a test piece cut
to 3cm x 10cm was measured In advance, and 1t was dipped into
water of 20 deg. C. The test piece was raised with a pair of
tweezers after one hour and 24 hours, and the weight was measured
5 sec. after the test piece was raised. Based upon the weight
before and after dipping, the water absorption percentage was
calculated according to Water absorption percentage (%) =
(Weight after dipping — Weight before dipping) /7 Weight before
dipping x100. The measurement results of the apparentdensity,
the Shore A hardness, the average diameter of the foams 3, the
number of the communication holes 9 and the water absorption
percentage are shown in Table 1 below. Incidentally, in Table
1, "Density" expresses the apparent density, '"Foam Dia."
expresses the average pore diameter of the foams 3, and
"Communication Holes"™ express the number of the communication
holes 9, respectively.
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percentage was lowered because the addition ratio is too small and accordingly the silicone-based
surfactant cannot mix sufficiently with the water which is mixed for forming the foams. Further, from the
measurement results, it was confirmed that the water absorption percentage and SFQR(max) are
correlated. [0065] As explained above, it was found that the foamed structure in which the foams 3
are communicated by the communication holes 9 can be formed by adding the silicone-based
surfactant at the ratio of the predetermined range when the urethane sheet 2 is formed by a dry
molding me[lmcyHW@gm@elclear that the pollshlng pad 10 usmg such the urethane sheet 2 can

|mprove ||a|||||g petformance-an d-flathess-of asiticon-wafet [ UUJ \llluuoma prlwgt)élp.y)
Because the present invention provigdes a polishing paldsq:@,r}%b}g of improving an qigg@pbqp&qshing
liquid and stabilizing polishing perform@ngq,t@rn'éﬁﬁ’fh"tqqg}gjmetlﬁﬂﬁ‘@ﬂﬂ!éﬁohshh&@aﬁ@y@a
polishing method\using the polishing paerciid pr%!%"t Inveagen (?ﬁ 1anufa((1%)ing and
marketing of a polishing pad. Accordingly, the pr S t/infaEgion has |n8usfr| applicabil | AFWEHAT IS
CLAIMED IS: 1M polishing pad in which a large number of| foams are formed By a| d#§ hslding
method ang,whichchas goddpniagned ody wheke,gpenegsgore s of thgfpams [argsfgsmediat 4
polishing isurface for ppf&¥infy an object ta be golished,
Example 2 EO"Sh'“g 0.49 | 116 84 905 18.5 | 38.2
ad B
Control 1| FLSMING |9 55 | 110 | &5 783 9.3 | 24.3
ad C
Control 2| FOLISMING 1951 | 115 | g6 620 7.5 | 28.3
ad D
[0061] As shown in Table 1, i1t was understood that the

communication holes were formed by adding the silicone-based
surfactant at the time of forming the urethane sheet iIn each
of Examples and Controls. As shown in Fig. 4, 1t was found that
the communication holes 9 were formed at the foams 3 having an
approximately spherical shape. In each of the urethane sheets
of Examples and Controls, the apparent density was ranged of
from 0.30 to 0.80g/cm®, the Shore A hardness was ranged of from
75 to 95 deg. and the average pore diameter of the foams 3 was
ranged of from 90 to 130um. However, the number of the
communication holes 9 varied largely according to the addition
ratio of the foam control agent. Namely, the number was shown
800 holes/cm? or less in each of the urethane sheet of Control
1 that the addition ratio was set large and the urethane sheet
of Control 2 that the addition ratio was set small. While, the
urethane sheets of Examples 1 and 2 that the addition ratio of
the foam control agent to a water ratio of 0.1 was adjusted to
0.05, 0.03, respectively which fall within a range of from 0.015
to 0.065 showed 850 holes/cm? and 905 holes/cm?, respectively
which exceed 800 holes/cm?. It was made clear from this that
the formed ratio of the communication holes 9 can be enhanced
by setting the addition ratio of the foam control agent of the
silicone-based surfactant in a range of from 0.3 to 0.5 weight

parts to one weight part of the water. Incidentally, It was
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wherein communication holes are formed between the foams formed adjacently to each other at the
resin foamed body, and wherein the communication holes are formed at a ratio of 800 holes4cm?2
or more per unit area when observed from a side of the polishing surface. 2. The polishing pad
according to claim 1, wherein the communication holes are formed at a ratio of 2000 holes4cm2 or
Jess per unit area when observed from the side of the polishing surface. 3. The polishing pad
according to claim 1, wherein the resin foamed body is formed like a sheet having a thickness "a" in a

range ?f fro&f)ﬂﬁﬁ'?ﬁgbll_%@’ ﬂfli:g V’f@tﬁﬁﬁ&i&_‘ N?E‘ibagﬂg)r’@ﬁ@ncflﬁﬁﬁﬁmiéﬁﬁit&?%ﬂéfy 9 4 body |
percentage of a change.in a weight of the resin fo 0 re r the resin,faamed body is
A ol s i ok Sl s [ e
more when $Riget®theeHoR i@ He 2 he phble onrerbdippedasier Pagkrind. to fuomhe
polishing payl aecarding teslaigi hwhergintthetesshvansrhbadyisiferogd enasiatave an
apparent density in a range of from 0.30g4cm3 to 0.80g4cm3, a Shore A hardness in a range of from
75 deg. to 95 deg. and an average pore diameter of the opened pores formed at the polishing surface
in a range JE9PE oL ENABUBIMAM 2) 5. The polishing pad according to claim 4, wherein the resin
foamed body is forrrea-bgexrpolyaihamespesit to efchA rodndiaetpobiskihuyg piatds pofishing pad

according te £l e SURRIIEHELPS FEPHB i shing performance was evaluated by
polishing work to a silicon wafer under the following polishing
conditions. Namely, after attaching the polishing pad
respectively to upper and lower polishing plates of a polishing
apparatus, polishing work was performed to each 100 pieces of
a silicon wafer having each standard to measure flatness thereof.
In the measurement of flatness, a fTlatness measurement
apparatus (Nanometoro300TT-A manufactured by Kuroda Precision
Industries Ltd.) was used by setting "Edge Exclusion'™ to 2mm,
"Cell size of Site-Flatness™ to 26mm x 8mm, ""Cell Layout™ to
Omm x Omm. GBIR/SFQR(max)/SBIR(max) defined by SEMI Standard
were used as Tlatness parameters. GBIR (global back
surface-referenced 1deal plane/range) means a range of plus and
minus deviations at an entire (global) front surface of a
semiconductor wafer from an ideal plane which i1s referenced by
a back surface of the semiconductor wafer, and i1t is used for
evaluation of flatness with respect to an entire wafer surface
defined other than a peripheral portion thereof. SFQR (site
front surface referenced least squares/range) means a range of
plus and minus deviations from a front surface of a
semiconductor wafer defined by a least-square error with
respect to a surface at a predetermined size, and a value of
SFQR(max) expresses a maximum value of SFQR in an entire part
area on a predetermined wafer. SBIR (site back
surface-referenced ideal plane/range) means a deviation of a
thickness of a part of a semiconductor wafer which i1s referenced
by a back surface corresponding to a deviation of an entire
thickness of a part area, and SBIR(max) expresses a maximum
value of SBIR. SFQR and SBIR relate to flatness at some limited
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a preparing step for preparing each ingredient of an isocyanate-group containing compound obtained
by reacting a polyisocyanate compound and a polyol compound, a polyamine compound, water and a
foam control agent; a foamed body forming step for forming a polyurethane foamed body by a dry
molding method from mixed liquid in which the each ingredient prepared in the preparing step is mixed
approximately uniformly; and a slicing step for slicing the polyurethane foamed body formed in
the foamed body forming step into sheet-shaped pieces. 7. The manufacturing method according

to claim 6, \éﬂi‘%@i'ﬂ)fh%fméﬁ@,m%é%ﬁbV%aéegé%H‘q:BfeWMﬁ?dﬁaoﬁiqq@théi@ .
surfactant, and Whereln{jaimlxed ratio of th% sflicope-based surfactant.s in a ran§e of from 0.15 weight
S

parts to 0.6§%e'f8ﬁtpr9anr {3%bRE %@?ﬁ%'tmp% oPthewateArea @' %@'r%gnﬁ?g‘c't r(?r[f'é;i Het?dd according
to claim 7, WR&EHaKe makufagboresk siliteremetetanerdant Iatnessgé af Fbh 0@ weight
parts to 0.5weefglit pryitorene Woigehpapol hshiaterpad ©. fqeniehip mYthedof asrbject to be
polished using {pepalishing pad aec H@”%&éﬂaﬁgﬁtFBTp§§8H{h §“§§éﬁto o?T@Chﬁgthe
polishing pad to at least one_of two platés disposed so as to face with each other at a pdlishing

apparatus; SR&N9 1 NgfdiadetthPhe ThidAts pe PhiisrsPeete R prAdd GBMNg ER 1Sast one of
the two platee hitsleczlifiplying godisttingdiqoil ichehjpb shding graids avasniobtdBtedebyhe object
to be polishgd aad B8R PAYENINARAG respect to each flatness parameter, the
results of the changing ratios to the reference are shown in
Table 2 below.
(Polishing Conditions)
Polishing Wafer: diameter 300mm¢ , silicon wafer
Polishing Apparatus: double surface polishing apparatus
manufactured by Fujikoshi Machinery Corp.
Polishing Liquid: colloidal silica type manufactured by
Fujimi Incorporated
Polishing Pressure: 150g/cm?
Carrier: metal made

[0063] Table 2

SFQR | SBIR
GBIR (max) | (max)
Example 1 | Polishing Pad A| -31%| -14%| -54%

Example 2 | Polishing Pad B| -32% -8% | -50%
Control 1 | Polishing Pad C 0% 0% 0%
Control 2 | Polishing Pad D| -17% 6% | -52%

[0064] As shown in Table 2, it was understood that flatness of
silicon wafers polished by the polishing pads that the addition
ratio of the silicone-based surfactant to a water ratio of 0.1
was set In a range of 0.015 to 0.065, namely, the polishing pad
A (addition ratio: 0.05) of Example 1 and the polishing pad B
(addition ratio: 0.03) of Example 2 can stabilize the shape of
the silicon wafer and improve flatness to a high degree. While,
the polishing pad D (Control 2) that the addition ratio of the
silicone-based surfactant was set to 0.01 (less than 0.015)
showed a tendency that flatness of the silicon wafer was
deteriorated. This iIs considered that the water absorption
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10. The polishing method according to claim 9, wherein the object to be polished is a silicon wafer.

percentage was lowered because the addition ratio is too small
and accordingly the silicone-based surfactant cannot mix
sufficiently with the water which i1s mixed for forming the foams.
Further, from the measurement results, it was confirmed that
the water absorption percentage and SFQR(max) are correlated.

[0065] As explained above, i1t was found that the foamed
structure i1n which the foams 3 are communicated by the
communication holes 9 can be formed by adding the silicone-based
surfactant at the ratio of the predetermined range when the
urethane sheet 2 is formed by a dry molding method. It was made
clear that the polishing pad 10 using such the urethane sheet
2 can improve polishing performance and flatness of a silicon
wafer.

[0066] (Industrial Applicability)

Because the present invention provides a polishing pad
capable of improving an affinity to polishing liquid and
stabilizing polishing performance, a manufacturing method of
the polishing pad and a polishing method using the polishing
pad, the present invention contributes to manufacturing and
marketing of a polishing pad. Accordingly, the present
invention has industrial applicability.
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WHAT 1S CLAIMED 1S:

1. A polishing pad in which a large number of foams are
formed by a dry molding method and which has a resin foamed body
where opened pores of the foams are formed at a polishing surface
for polishing an object to be polished,

wherein communication holes are formed between the foams
formed adjacently to each other at the resin foamed body,

and wherein the communication holes are formed at a ratio
of 800 holes/cm? or more per unit area when observed from a side
of the polishing surface.

2. The polishing pad according to claim 1, wherein the
communication holes are formed at a ratio of 2000 holes/cm? or
less per unit area when observed from the side of the polishing
surface.

3. The polishing pad according to claim 1, wherein the
resin foamed body is formed like a sheet having a thickness "a"
in a range of from 0.5mm to 1.5mm, and wherein a water absorption
percentage expressed by a percentage of a change in a weight
of the resin foamed body before and after the resin foamed body
1s dipped into water of 20 deg. C. to a weight of the resin foamed
body before dipped i1s (31-16a)% or more when dipped for one hour
and (56-24a)% or more when dipped for 24 hours.

4_ The polishing pad according to claim 3, wherein the
resin foamed body is formed so as to have an apparent density
in a range of from 0.30g/cm® to 0.80g/cm®, a Shore A hardness
in a range of from 75 deg. to 95 deg. and an average pore diameter
of the opened pores formed at the polishing surface in a range
of from 90um to 130um.

5. The polishing pad according to claim 4, wherein the
resin foamed body is formed by a polyurethane resin.
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6. A manufacturing method of the polishing pad according
to claim 1, comprising the steps of:

a preparing step for preparing each ingredient of an
Isocyanate-group containing compound obtained by reacting a
polyisocyanate compound and a polyol compound, a polyamine
compound, water and a foam control agent;

a foamed body forming step for forming a polyurethane
foamed body by a dry molding method from mixed liquid in which
the each ingredient prepared in the preparing step iIs mixed
approximately uniformly; and

a slicing step for slicing the polyurethane foamed body
formed i1n the foamed body forming step into sheet-shaped pieces.

7. The manufacturing method according to claim 6, wherein
the foam control agent prepared in the preparing step is a
silicone-based surfactant, and wherein a mixed ratio of the
silicone-based surfactant i1s in a range of from 0.15 weight
parts to 0.65 weight parts to one weight part of the water.

8. The manufacturing method according to claim 7, wherein
the mixed ratio of the silicone-based surfactant is in a range
of from 0.3 weight parts to 0.5 weight parts to one weight part
of the water.

9. A polishing method of an object to be polished using
the polishing pad according to claim 1, comprising the steps
of:

attaching the polishing pad to at least one of two plates
disposed so as to face with each other at a polishing apparatus;
and

after setting the object to be polished between the plates,
rotating at least one of the two plates while supplying
polishing liquid in which abrasive grains are mixed between the
object to be polished and the polishing pad.

10. The polishing method according to claim 9, wherein
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the object to be polished i1s a silicon wafer.
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